Abstract. -The magnetic heat capacity of Gol-,MnxC12.2H20 with competing exchange interactions has been observed. A characteristic broad maximum appears around 4.5 K for x = 0.46 : nearly half of the magnetic entropy remains in the temperature region above 4.5 K. These thermal properties are discussed in comparison with other glassy systems.
Introduction
The competition between ferromagnetic and antiferromagnetic interactions is expected along the c-axis in random mixture Col-,MnaC12.2H20. DeFotis and Mantus observed magnetic susceptibility and characteristic decay of thermoremanent magnetization of the mixture [I] . They established the magnetic phase diagram which includes the spin glass phase.
In the present work, we study thermal properties of this mixture in order to reveal another aspect of the spin glass system. From the heat capacity measurement between l K and 20 K, the phase boundary from paramagnetic to antiferromagnetic phase is reexamined to be almost consistent with the results by DeFotis and Mantus. A characteristic broad maximum of magnetic heat capacity is found to grow around 4.5 K for the system with x = 0.46. The decay of the thermoremanent magnetization is detected in the system with x = 0.48 at 4.2 K.
Experimental
The sample Col-,MnXCl2.2H20 was prepared by crystallization from aqueous solutions of proper amount of MnCh.4H2O and CoC12.6H20 at 80 OC. The concentration of mangasese and cobalt atoms was determined by the atomic absorption analysis. The weight of single crystals used here was about 150 mg for the measurement of magnetic susceptibility. The measurement of heat capacity was performed with a few single crystals by the adiabatic calorimeter of usual type. Susceptibility was measured for parallel and perpendicular directions to the c-axis of the single crystal by the use of a SQUID magnetometer in the temperature range between 4.2 K and 80 K.
Results and discussion
The results of heat capacity measurements of Col-,MnXC12.2H20 are shown in figure 1 , where the In the pure systems with x = 1 (MnC12.2H20) and x = 0 (CoCl2.2HzO), the peak appears at 6.8 K and 17.2 K, respectively. lattice contribution is subtracted. The sharp peak for the pure system shifts toward low temperatures and becomes broader as the mixing proceeds. For x = 0.46, the peak disappears completely only to leave a broad maximum around 4.5 K. When the NBel temperature TN (2) is defined from the peak of the heat capacity, the system with a small amount of ~n~+ concentration exhibits a shoulder of the Schottky type heat capacity with its maximum around 3 K (Fig. 1 ). This is due to the electronic state of isolated ~n~+ ions under the exchange field from neighboring co2+ spins in ordered state [2] . Now we focus our attention to the thermal behavior in the system with x E 0.5. Figure 3 shows the temperature dependence of magnetic heat capacity C, (black points) and entropy (solid curve) for x = 0.46 between 1 K and 18 K. Any trace of the peak can not be seen in this case. A broad maximum appears around 4.5 K instead. About 50 % of magnetic entropy S (T) remains in the ,higher temperature region than 4.5 K.
(For x = 1.0 or MnC12.2H20, 27 % of the magnetic entropy remains above TN (1.0) = 6.8 K.) The thermal behavior in this system is reminiscent of the heat capacity of the metallic spin glass system, Cul-,Mn,, which also shows a broad maximum for y = 0.012 and 0.024 [3] . About two thirds of magnetic entropy remains above the freezing temperature in this case. This behavior of magnetic heat capacity as mentioned above is not observed in the mixtures with competing anisotropies such as Co,Fel-,Cl2.2H20.
[4]. It is interesting to extend the thermal observa tion to the system with both of competing interactions and anisotropies such as Fel-,Mn,C12.2H20 [5] . In the mixed system without competing interactions, Ni,Col-,C12.6H20, the heat capacity keeps a sharp peak for any intermediate concentration (61. Considering these facts, we may conclude that the thermal behavior for a: = 0.46 is characteristic to the glassy system with competing interactions.
At the present stage of experiment, we can give a brief comment on our results of the susceptibility measurements in the temperature region between 4.2 K and. 80 K the perpendicular susceptibility x l c for the intermediate concentration, when measured in the external field 100 G, shows a broad maximum or a plateau just above TN (2) . On the other hand, the parallel susceptibility xllc preserves the Curie-Weiss behavior down to 4.2 K. Decay of the thermoremanent magnetization is observed for the system x = 0.48 after cooling to 4.2 K in 2 kG and then decreasing field to zero. The relaxation lasts beyond one hour after decreasing field at 4.2 K. More detailed thermal and magnetic observations are being undertaken down to the lowest temperature region.
